Some new oscillation criteria are established for the nonlinear damped differential equation (r(t)y ) + p(t)y + q(t)f (y) = 0 that are different from most known ones in the sense that they are based on a class of new functions Φ(t, s, r) defined in the sequel. Our results are sharper than some previous results which can be seen by the examples at the end of this paper.
Introduction
We consider the oscillatory behavior of solutions of the second-order nonlinear damped differential equation In the last decades, there has been an increasing interest in obtaining sufficient conditions for the oscillation and/or nonoscillation of solutions for different classes of secondorder differential equations [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . In the absence of damping, there are a great number of papers (see, for example, [1, 2, [9] [10] [11] [12] [14] [15] [16] [17] and the references therein) devoted to the particular cases of Eq. An important tool in the study of oscillatory behavior of solutions for the type of Eq. (1.1) is the averaging technique. This goes back as far as the classical results of Winter [9] giving a sufficient condition for the oscillation of Eq. (1.2), namely, 5) and Hartman [17] who showed that the above limit cannot be replace by the limit superior and proved the condition −∞ < lim 
r(t)y + p(t)y + q(t)f (y)
and 
and has the partial derivative ∂Φ/∂s on E such that ∂Φ/∂s is locally integrable with respect to s in E.
In Sections 2 and 3, we establish some new oscillation results for Eq. (1.1) in terms of the above definition. Our results are not contained in those of Li and Agarwal [13] , Zheng [18] , and Wong [19] . In fact, our results are simpler than Theorems A and B in the sense that only one condition
is sufficient for the oscillation of all solutions of (1.1), where the operator T [·; l, t] is defined by 13) and the function φ = φ(t, s, l) is defined by
It is easy to verify that T [·; l, t] is a linear operator and satisfies 
where the operator T is defined by (1.13) and the function φ = φ(t, s, l) is defined by (1.14).
Proof. Suppose to the contrary that there exists a solution y(t) of (1.1) such that y(t) > 0 for t t 1 t 0 . Define
From (1.1) and (2.2) we have that for s t 1
By (1.15) and the above inequality, we have for t > t 1
Completing square of w in (2.4) and noting that (1.14), we obtain 
where the operator T is defined by (1.13) and the function φ = φ(t, s, l) is defined by (1.14). 
If we choose Φ(t, s, l) = ρ(s)(t − s) α (s − l) β for α, β > 1/2 and ρ(t)
Let r(t) ≡ 1, choose β = 1 and ρ(t) ≡ 1 in Theorem 2.2, then we have the following interesting theorem by Theorem 2.2.
Theorem 2.3. Equation (1.1) with r(t) ≡ 1 is oscillatory provided that for each l t 0 , there exists a constant α > 1/2, such that
Proof. Noting that
Thus, from (2.6) and (2.8), we have 4µ lim
From (2.7) and (2.9), we can easily obtain 
If we let r(t) ≡ 1 and α = 1 in Theorem 2.2, similar to the proof of Theorem 2.3, we have the following theorem: Theorem 2.4. Equation (1.1) with r(t) ≡ 1 is oscillatory provided that for each l t 0 , there exists a constant β > 1/2, such that
By Theorem 2.4, the following corollary is immediate: .
In that sense, we know that our results are sharper. 
